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FOREWORD

This final report presents work which was conducted for Langley Research
Conter (LaRC) in rosponse to requirements of Contract NA31-16983. The work
prosented was porformed by REMIECH, Inc. Huntsville, Alabama and is entitled
' *'MINIVER Upgrade For The AVID System’’, The final report consists of three
volumes,

Volume I: LANMIN User's Manual
Volume II: LANMIN Input Guide
Volume IXIXI: EXITS User's and Input Guide

The NASA technical coordination for this study was provided by Ms, Eathryn

E. Wurster of the Vehicle Analysis Branch of the Space Systems Division.
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Section 1.0

INTRODUCT ION

The aerothermsi sof twage developed for use in the AVID system (Ref., 1) is
documented in three volumes., The first volume Provides a detailed description
of the Langley version of MINIVER (LANMIN). Volume II provides a users inputg
guide to the LANMIN code, and Volume III gives a description and input guide for
the Explicit Interactive Thermal Structures (EXITS) code,

The overall information flow for the serothermal software in the AVID sys—
tem is given in Fig, 1.1, Volumes I and II ¢over the components within the
dashed 1ines of Fig., 1.1, and Volume IIIX documents the remainder of the
software., As shown in Fig, 1,1, the input to LANMIN is made vig an input file,
This file is a card image and thus can be treated as card input as discussed in
Section 2, The preprocessor’s prime function is to produce this input file, A

description of how to use the preprocessor (PREMIN) is given in Section 3. The
output from LANMIN is documented in Section 4,

The LANMIN program consists of 51 Toutines and one main program. A compar-
ison of the set of LANMIN routines with the MINIVER routines is given in Table
1.1, The conduction related routines were eliminated from the MINIVER code when
generating LANMIN, A1} conduction related routines were incorporated in the
EXITS code documented in Volume III, Thirteen routines which were retained from
the original MINIVER code have been modified, Tweaty~-two new routines have been
added to the code in creating the LANMIN version,

Tne flow diagram for the LANMIN code s siven in Fig, 1.2, Functions and
block data are listed to the side. The diagram shows the calling hierarchy for
the subroutines., The input to LANMIN is through the MAIN, An output file can

be created and it is generated in VANOUT,
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Table 1.1

LANMIN/MINIVER SUBROUTINES

LANMIN MINIVER LANMIN MINIVER LANMIN MINIVER
AIR62 AIR62 INTP1 SWCYL3 SWCYL3
ATMS4 ATMS4 INTP2 TBLIN TBLIN
BLOCK LESIDZ TINTé6 TINT6
BLOCEA MAINe B800 TRANS* TRANS
BINTRP BINTR? #MATRES VANOUT
#CHEEVY MOLIER® MOLIER VRA71
BTHICK #MPROPS VRUNL VRUNL
CONE #NEWT WRINP® WRINF
CPIAF #OPTMYZ WRTOUT
CRSFLW CRSFLY OVLAVO1 WYROS
CYT 0v432
. DEFL PCSWe PCSW
» DETRAL DETRAL PLOTS
DINT PMEXPM PMEXPM
DINT1 PMID PMID
DOWNID DOWNID #PRINTA
#DRIVEL RADEQT* RADEQT
DSTML REG IME
DWNSTMe DWNSTM REOMUR RHOMUR
ECKERT ECKERT SLOPE #SETMUP
EDPARM EDPARM SPCHI* SPCHI
é ERF SPFP
. FAYRID® FAYRID #STABLE
. FINg STHEAT
o FINPKH #STOCK )
L, FINPKP SWCYL SWCYL P
¥ #FINALT SWCYL2® SWCYL2 5%
5 FLAPH :
| FLOVWe FLOW
FMBREAT
FSUBCe FSUBC
£, #IGUASS
i HANSEN® HANSEN
#INOUTR
®These Subroutines Have Been Modified.

#Conduction Related Subroutines. .

»
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RENMTECH INC.

Seotion 2,0

CARD INPUT

The card input to LANMIN has boon broken into sizteen functional areas.

Those areas are as follows:

(1) Title
(2) Timing Parameters and Print Control
(3) Trajectory Data
(4) Atmosphore Data
s (5) Flowfield Options
(6) Fiow Angle Data
X (7) Angle of Attack Option
-4 (8) Crossflow Data
R (9) Transition Criteris

. (10) Heat Transfer Options
(11) BHeating Multipliers
(12) Transformations
L (13) Surface Condition

it (14) Geometry Data
(15) 1Initial Conditions
(16) Control Parameters

} Most of the input for these areas involves specifying the values for the 'VW’
: array. A definition of all the elements of the '¥W’ array is given in Appendix
A.




(1) TITLE
Format (1BA4)

Case Description

(2) TIMING PARAMETERS AND ERINT CONTROL
Format (3F20.6)

CARD COLUMN INPUT VALUE
NO,
1 1-20 t1 Initial time, sec (W(1))
21-40 Atl Printout intervei 1, sec (W(2))
41-60 t2 Second time, sec (W(3))
2 1-20 At2 Printout interval 2, sec (W(4))
21-40 t3 Third time, sec (W(S))
41-60 At3 Printout interval 3, sec (W(6))
3 1-20 t4 Fourth time, sec (W(7))
21-40 kQQLC Calculation interval factor (W(8))
Note: If less than threo printout intervals are desired,

the uvnused parameter must be input as zero.

(3) IRAJECTORY DATA
Format (3F20.6, 2F10.6)
CARD COLUMN INPUT VALUE
NO.
1 1-20 Number of time dependent table entries (W(50) 1limit = 50)
2 1-20 Time (t), sec (W(51)—W(100))
21-40 Altitude (z), ft (W(101)~-W(150))
41-60 Velocity (v), ft/sec (W(151)—W(200))
61-70 Angle of Attack (a), degrecs (W(211)—W(260))
71-80 Yaw Angle (B), dogrees (W(651)—W(700))

6
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(4) ATMOSPHERE DATA

Format 5(13, F10.6)

LOCATION
FORMAT (13)

OPTION OR DATA
FORMAT (F10.6)

010

0.

1.

s.

6.

7.

8.

9.

Atmosphere/Freestroan Properties Option Flag (ATFLAG)

Freestroam propertiecs aro dofined using the 1962 U.S,
o Trajoctory data are required izput,

VWind tunnel imput option -~

Froestream statio temperature and pressure are input in
locations 451-500 and 501-550, roespectively, as a function
of timo., The time data and freestroam velocity data are
input in the TRAJECTORY DATA card sot with the altitude
(z_ ) sot equal to zero.

Freestream static temperature snd pressure are input in
locations 451-500 and 504-550, respeotively, as a function
of altitude., Altitude values are input in locations
401-450, Trajectory data (time, sltitude, velocity and
angle of attack) are required input,

Freestream properties are defined using The 1963 Patrick
Air Force Base (PAFB) Atmosphere. Trajsctory data are

required input,

Freestream progerties are defined using The 4971 Yandenberg
Reference Atmosphere, Trajectory data are required input,

Freestream properties are defined using The 1973 Yandenberg
Hot Day Atmosphere. Trajectory data are required input,

Freestream properties are defined using The 1973
Cold Day Atmogphesze. Trajectory data are required input,

Freestroam properties are defined using The 4971 Kennedy
Hot Day Atmosphege. Trajectory data are required input,

Freestream properties are definoed using The 4971 Kennedy
Lold Dav Atmosphere, Trajectory data are required input,

400

401-450
451-500
301-550

Freostrosm Propertios Data Input as Follows:
Number of table entries (Limit 50) Enalt:
Table of altitude data, ft

Table of freestream temperatuses, .R

Table of ireestream pressures, 1b/sq ft

Y — S Gt = B o
| :: . ) . i .
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(5) FLOWFIELD OPTIONS

Format 5(I3, F10.6)

—

LOCATION
FORMAT (12)

OFTION OR DATA
FORMAT (F10.6)

031-036

046-048

35,

36.

38,

L0

Flowfield and Locel Pressure Option Flags (FF)

Flowfield and pressure option flags are input beginning in
Location 031, A total of 9 locations are available
(031-036 and 046-048), The first flowfield option flag
sust be input in Location 031, followed by additional
flowfiold and pressure option flags, as reeded, Location
number must be used in ascending order, Flowfield and
prossure flags always occur in pairs oxcopt for FF = 39
(Swept Cylinder) and FF = 29 (Prandtl Meyer expansion),

Flowfiold Options:

Sharp Wedge Shock Angle,

The shock angle for a sharp wedge is determined from a
built-in table of sharp wedge shock angle as a function
of upsiream Mach number and the wedge or flow deflection
angle, The wedge angle §s input,

Sharp Cone Shock Angle,

The shock angle for a sharp cone is determined from an
internal table as a function of the coxne half-angle and
the upstream Mach number, Thoe cone half-angle is input,

Oblique and Normal Shock,

]
The actual shock angle is input. An angle of 90 rapresents
8 normal shock.

Farallel Shock,

Used alone or as a last option to indicate thLat 4 swopt
¢tylinder or parallel shock solution is dosired (20 pressure
flag needed), The angle-of-atteck or shock angle is input,
For swept cylinder the input angle is the (20-1) where

A is the sweep angle in degrees,

i i€
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LOCATION
FORMAT (13)

OFTION OR DATA
FORMAT (F10.6)

031-036

046-048 14,

13.

16.

17.

18,

29.

Local Prossure Options:

INFUT Cp as a function of N, for the location W(649) = 1,0,
Data Stored in TCPM( ) = Cp, TMCP( ) = M, , NCPNT = number of
Mach Numbers.

Tangent Wedge Pressure Coefficient,

The local pressure coefficient for a tangent wedge is Aoter—
mined from a built—-in teble as & function of the wodgoe angle
and the upstresm Mach numbes. The wedge angle is input,

Tangont Cono Pressure Coofficient.,

The local pressure cooffivient for a tangent cone is dotermined
from a built-in talle as a function of the cono half-angle and
the upstream Mach pumber. The cone half-angle is input,

Oblique Surface Pressure.

Provides pressure solution for a svzface whose shock angle is

slightly greater than thc surface angle-of-attack or flow de-

flection angle, The shock angle must be known and input under
the flowfield shock option (flowfield option 38). The input

pressure angle is the surface angle-of-attack or flow deflection
angle.

Modified Newtonian Pressure - Oblique Shock.

Local pressure is calculated as a function of the local slope.
Local total pressure is used with this option,

The local body angle is input,

Prandtl-Meyer Expansiosn:

This option provides a Prandtl-Meyer expansion and is used fol-
lowing any one of the lccal pressure options. The input angle
is the angular difference butween the two zlopes (flow turning
angle),

(6) FLOW ANGLE DATA
Format 5(13, F10.6)

LOCATION OPTION OR DATA
FORMAT (13) FORMAT (F10.6)
037-045 Flow Angle Data Inmput,

The angles reyuired as input by the flowfield options are imput
boginning in 1lication 037, These data must be input in the same
order as the flowfield option location requiring their input,
(1,0., the angle input in location 037 must correspond to flow-
field option in location 031, etc.). All angles are input in
degrees.

?
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(7) ANGLE OF ATTACK OFTION
Format 5(13, F10.6)

LOCATION OPTION OR DATA 4

FORMAT (13) FORMAT (F10.6) 4
Angle-of-Attack Option :

Angles input in locations 037 and O3R are adjusted within
the program to account for angle-of-attack, If it 2

desirable for othic angles input in locations 03¢ through
045 to be adjusted for angle~of-attack, the fcilowing
control parameters must bo input:

261 1, Initialized in Main
B 262 2, Initialized in Msin
?“ 263 3. Varies angle in Location 039 (input data)
. 264 4. Varies angle in Location 040 (input data)
265 5. Varies angle in Location 041 (input det:’ o
266 6. Varies angle in Location 042 (input daia) 1
? 267 7. Varies angle in Location 043 (input data) 1
ékz 268 8. Varies :ngle in Location U44 (input data) *
% 269 9. Varies angle in Location 045 (input data)

10




(8) CROSSFLON DAIA

Format 5(:3. i

5)

LOCATION OPTION OR DATA
FORMAT (13) FORMAT (F10.6)
201 Crossflow Option Flag (CFFLG)
1. Constant Width Rectangle (Ideal Gas).
This method assumes a constant width rectangle and ideal
ges chordwise velocity gradient, Required inputs are
corner radius, Ro, and width, Do.
2. Constant Width Rectangle (Real Gas).
This moethod assumes s constant width rectangle and
real gas chordwise velocity gradient. Required inputs
are width, Do, and the velocity gradieat correction
factor, U. The term U can be varied from 0.31 for a
flat surface to 1.0 for a swept cylinder.
3. Sharp Edged Delta Configurations (Ideal Gas).
This method assumes a sharp edged delta configuration
and ideal gas chordwise velocity gradient. Required
input is the delta sweep angle A,
4, Doelta Configuration (Keal Gas),
This method assumes a delta configuration and real gas
chordwise velocity gradient., Required inputs are the
delta sweep angle, A, and the velocity gradient
sorrection f.ctor..ﬂ. A sharp edged aegta configuration
is represented by U=0,31, An input of U=1,0 produces
crossflow on a pointed cone whose half angle is (90-1).
Crossflow Dcta Input
202 Rectangle Width, Do (ft)
203 Delts wing sweep angle, A (deg)
204 Real Gas veolocity gradient correction factor, v
205

Roctangle corner radius, l° (£t)

n

|
3
q
J
i
’ !

N emhd - o 3




(9)

Format 5(13, F10.6)

LOCATION OFTION OR DATA |

FORMAT (13) FORMAT (F10.6) 4

027 Transition Criteria Option Flag (TRFLAG) 4
1. This option allows transition from laminar to turbulent flow to

occur at a particular time inm the trsjectory. The time (sec)
vhen traansition begins is input in location 014, The time (sec) |
vhen fully turbulent flow is roached is input in locationm 020, |

2. This option is the same as option 1, except transition is from
turbulent to laminar,

3. Transition dased on the Reynolds number R° o Input requirements
are the onset Reynolds aumber (PARA1, loca¥ion 014) and the fully
turbulent Reynolds number (PARA2, location 020).

4. Transition based on R ; + Input requirements are onset
Reynolds number (PARAS, 1ocation 014) and the fully torbulent
Reynolds number (PARA2, location 020).

S. Transition based on Y (MDAC~E transition parameter)., Required
inputs are the onset value of V (PARA1, location 014) and the
fully turbulent value of V¥ (PARA2, location 020), The parameter

is defined Ly the equation,

-p® 0.2
v Ree [”o (poue/"o) )

6. Transition dbased on § (see opiion §), Transition onset
determined from built-in curve of V as a function of angle of
attack, The parameters PARA1 and PARA2 azre not required inrut,
Transition zone length is determined from the ratio,

Leviiy Turs/Lirans onseT

This ratio is input in location 028, if desired. If no value is

input, the program will select a valoe from & built-in table of
log,, Rbe versus ratio,

7. Transition based on built in curve date of onset l. versus
N_ (Roockwell International criteria)., Transition zone length
determined in the same manner as option 6,

8. Transition based on R‘; /M . Iaput requirements are onset
value (PARA1l, location 0147 and the fully turbulent value (PARA2,
location 020), Nominal values are 150. end /2 x 150 respectively,

Transition Data

014 PARA1
020 PARA2
028 Transition Zone Length Ratio
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(10) EEAT TRANSFER OPTIONS
Format 5(13, F10.6)

LOCATION OPTION OR DATA
FORMAT (I3) FORMAT (F10.6)
011 Beat Transfer Method Option Flag (HTFLAG)

1.

2.

3.

4.

5.

6.

7.

Fay-Riddell Stagnation Point Method.

Required input dats are nose radius (location 012) and
flowfield options 3R and 18 with shock and pressure sngles
of 90 degrees. An option available (location 318) will
sllow dissociation to be considered (Lewis no, = 1.4) or
ot considered (Lewis mo, = 1,0),

Cato/Joknson Swept Cylinder Method.

Required input dats are local cylinder radius RN (location
012), sweep angle A (location 017), flowfield option 38
with & shock angle of 90 degrees, and flowfield local
pressure option 18 with a pressure angle of (90-A) degrees.

Eckert’s Reference Enthalpy Flat Plate Method.

Required input data are the running length (location 013)
and Mangler transformation factors for both laminar and
turbulent flow (locations 015 and 016, respectively),

Eckert/Spalding-Chi Flat Plate Method.

Required input data are running length, L (location 013)
and Mangler transformation factors for both laminar and
turbulent flow (Jocation 015 and 016, respectively)., If
the Von Karman Reynold’s Analogy factor is desired,
input 2 1,0 in location 319 otherwise it uses Colbura's
equation,

Boeing Peks Flat Plate Method.
Required input is the running length L (location 013),

Modified Beckwith/Gallagher Swopt Cylinder Method,
Roquired input data are local cylinder zadius RN (location
012) and flowfield option 39 with a shock angle of (90-2),

Boeing Pek, Swept Cylinder Method.
Required input data are local ¢ylinder radius

(location 012) and flowfield option 39 with o E§ock sngle
of 90-1),

Lees, Detra and Bidalgo Hemisphere Method,

Roquired input data hemisphere nose radius (location
012), running length L (location 013), local bndy slope 8
(location 017), flowfield opiion 38 with a shock angle of

90 degrees and flowfield option 18 with a local slope angle
of &,




9. Bertin and Goodrich, Leoside Orbiter Heating,
Requires Fay and Riddell input ( = 1 foot for full scale)
and wiundward wall enthalpy for W(21), 1If W(21) = 0,0 during
input, W(21) = 480 BTU/1bm (2000°R wa11l),

10, Bushnell and Weinstoin, Flap Reattachment Heating, ”’
Input is the sanme as for heat transfer option 4 plus Flap
length is input in ¥(22), Running length is to the hinge 4

line. If separation and reattachment does not occur, option
4 methods are used.

11. Fivel, Fin-Plate Peak Intesrference Heating, 1Input is the
same as option 4, which is the default option if the fin
shock detaches, plus special values for this option,

‘ IF W(30) = 0 the fin angle is used, IF W(30) = 1,0 the

; angle of attack is added to the fin angle, and IF W(30) = 2,0

‘i < the yaw angle, B, 1s added to the fin angle, The length

; from the fin loading edge to point of interest aloag the

¥ fin is input ia W(28), The fin angle relation to the

local flow at q = B =0 is input in W(26),

318 : Dissociation Option

This option is used with the Fay-Riddel1l stagnation point
equetion (HIFLAG = 1,0, location 011),

0. Dissociation considered (Lewis number = 1.4)

1, Dissociation not considered (Lewis number = 1.0)

14
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(11) HEATING MULTIPLIERS
Format 5(I3, F10.6)

LOCATION OPTION OR DATA

FORMAT (13) FORMAT (F10.6)
Nultiplication Factor Inmput
Hoat transfer multiplication factors can be input as a
constant value, a function of trajectory time and/or s
function of upatream Mach number. All tazee input options
may be used, if desired., All multiplier values are
multiplied together to obtain an overall value,

018 Constant Multiplier (Laminar)

019 Constant Multiplier (Turbulent)

320 Number of Time Dependent Table Entries (Limit 10)

321-330 Time Table, sec

331-340 Multiplier Table (Laminar)

341-350 Multiplier Table (Turbuleat)

360 Number of Mach Number Dependent Table Entries (Limit 10)

361-370 Mach Number Table (Log,, ll“)

371-380 Multiplier Table (Laminar) (Log,, hilhn’m

381~-390

Multiplier Table (Turbulent) (Log,, hi/hn)TURB

15
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(12) TRANSFORMATIONS
Format 5(I3, F10.6)

LOCATION OPTION OR DATA
FORMAT (13) FORMAT (F10.6)
319 Roynold’s Analogy Factor

0. Assumes Colburn’s Reynold’s Analogy factor defined as
= (Pr)'/. (Goenerally used for design)

1, Assumes Von Karman Reynold’s Analogy factor defined by
S=14+5(C)" [(B,~ 1)+ 1a ([SB_ + 11/6)]

(Generally msed for prediction)

029 Viztual Origin Option (VRFLG)
0. Uses the geometric running length in the heat transfer équations,

1. Corrects the geometric running lemgth to scconnt for the onset of
, transition, Uses the corrected running length in the turbulent
- heat transfer equations,

i{ Mangler Transformation Factors

: 015 Laminar Factor = 3 Cone

iﬂ} 016 Turbulent Factor = 2 Cone
"Ti |
! (13) SURFACE CONDITION
s |
Ef; Format 5(13, F10.6)

o LOCATION OPTION OR DATA
S FORMAT (13) FORMAT (F10.6)
- | 021 Vindward Bottom Centerline Wall Eathalpy (Btu/1bm).

Used with heat transfer option (9) for orbiter leeside heating

Material Emissivity

023 Emissivity (must be ) 0.0)

16




| DO

(14) GEOMETRY DATA
Format 5(13, F10.6)

LOCATION OFTION OR DATA
FORNAT (13) FORMAT (F10.6)
Geometry Data Input (Constant)
012 Nose or Leading Edge Radius, ft
013 Ge¢ -“ric Running Length, ft
017 Local Slope or Sweep Angle, deg
Geometry Data Input (Function of Time)
860 Number of Table Eantries (Limit 10)
561-570 Time, sec
571-580 Nose Radii, ft
581-590 Running Length, ft
591-600 Local Slope or Sweep Angle, deg
601-610 View Factor (not used)
354

Surface Distance to start of turbulent boundary layer, The
value input in location 354 is subtracted from the total
running length input in location 013 to provide the new
running length for turbulent heating,

(15) INITIAL CONDITIONS
Format 5(13, Fi10.6)

LOCATION OPTION OR DATA

FORMAT (13) FORMAT (F10.6)

024 Initial Temperaturo, .F

316 Integrated Coavective Heat Flux, Btu/sq ft

17
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(16) CONTROL PARAMETERS

Format 5(13, F10.6)

LOCATION OPTION OR DATA
FORMAT (13) FORMAT (F10.6)
209 Continuity Option

0. Convective Heating Load initialized,

1. Convective Heating Load not initialized.

314 Rarefied Geometry Option (NFCS)
0. Sharp cone rarefied equations unsed

1. Flat plate rarefied equations used

611 Body Point Number

641 Program Input Control Parameter (JFK)

This parameter must be the last entry in the Control
Parameter Card Set (must be > 0.0),

1. Read new case data using title, timing parameters
and trajectory data from previous case.
(Uses all unchanged case dats from previous case,)

2. End of input data (use with last case).

3. Read new title and timing parameters ang use trajectory
dats from previous case,

(Uses all unchanged case data from previous case,)

4. Read new title, timing, trajectory and case dats
(Initially zeros full W array)

S. Same as 1 (oxcept zeros all case deta from previous case),

6. Same as 3 (except zeros all timirg perameters and case
data),

fm,
* e e te

642 Print Option (JFQQ)

0. Normal Miniver priatout

1. Normal Miniver printout plus VANOUT (summary) printout

2. VANVDT printout only

18




643

1.

No output file from VANOUT created

OUTPUT FILE from VANOUT created

646

0.

1.

Rarefied Flow Option (NONCON)
Continuum flow equations are used throughout flight

Continvum and rarefied flow equations are used,
depending on flow regime encountered during flight,

648

0.

1,

Output Units Option
English

Metzic

649

0.

Pressure Coefficient Input Option (JFCP)
These cards follow 641 specifications
Card 1 NCPMP (13)

Card 2 M_, Cp (2F10.6)

Card 3 M., Cp (2F10,6)

Pressure coefficients are not inpnt

Pressure coefficients are input (Flowfield option 14),

650

0.

1.

Cone Flow Option (NSB)

This option is used only when rarefied flow conditions
aze considered (Control Parameter 646.)

Uses sharp cone correlations

Uses blunt cone correlations
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Section 3.0
PREPROCESSOR INTERACTIVE INPUT

This soction contains descriptions of . subroutines used by the prepro-

cessor code PREMIN, FPREMIN is an interactive preprocessor code for LANMIN,

PREMIN creates a file that is 1a the same card image formst as discussed in Sec~-

tion2,0and is used as the input file for LANMIN. The primary s1nformation in-
cluded in this file is the 'W’ array. A definition of all the elements of the
‘W’ array is given in Appendix A,

The PREMIN program consists of 18 routines and one main program, and is ca-
pable of creating a new output file or modifying an old one. The routine INPUT
it used to input the file to be modified and the routine OUTPUT is used to

¢reste the output file. A macro flow diagram of PREMIN is inciunded in
3-1,

Figure

3.1 MAIN

MAIN pezforms the task of managing the rest of PREMIN. The decermination
of whether PREMIN is to create a new output file or 20dify an cid output file is
nade within MAIN, After the method is determined, MAIN calls the required
routines in their proper soquence a case at a time. The variabdles transforred
in Common or used as control flags by MAIN are:

IIN = Interactive Input - FORTRAN Unit Number
I00T = Interactive Output ~ FORTRAN Unit Number

MFLAG=0 - English units .
MFLAG=1 -~ Motric units ‘
FLAG=0 -~ Create new output file L
FLAG=1 - Modify old output file v
JFLAG=1 - Previous case deleted P
INSERT=1 ~ Current case inserted :
TFLAG=1 - TITL1 currently defined i
FNAM6 = Name of input I
JFKS = Program Input Control Parameter (W(641)) for the !
previous case i
20 ]
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NC - Case numher

ND ~ Numbur cases deleted

NI - Number cases inserted

L1 —~ Title of a set of cases

NCPMT ~ Number of Mach numbers in CP vs. Mach numher table

NCPMTS ~ Saved value of NCPMT from previons case

TMCP — Mach number array for CP vs., Mach numbexr tuble
TMCPS —~ Saved values of TMCP array from previons case
TCPM - CP array for CP vs, Mach number table

TCPMS = Saved values of TCPM asray from previous case

v = Array of values created and modified by PREMIN
(always in English units) (sece Appendiz A for comrlete
description)

w = Finil array copied to output file, Copy of 'W' array

oxcept changed to desired output units,

3.2 SUBROUTINE INPUT

Subroutine INPUT is called by MAIN and performs two functions. If IB which
is the parameter passed in the subroutine call equals 2 then INPUT zeros out the
values in the W array according to the Program Input Control Parameter of the
last case and returns to MAIN,

IF IB=1 then INPUT reads an existing LANMIN input file for the purpose of
PREMIN creating a new LANMIN input file, INPUT first zeros out the W array ac-
cording to the Program Input Control Parameter of the last case and then reads

in data for a single case from the imput file, INPUT keeps track of the currest

case pumber and inserts and deletes cases.

3.3 SUBROUTINE MODIFY

Subroutine MODIFY is called by MAIN to modify the W array for the current
case. MODIFY calls a requested s.uroutine in order to mnodify or redefine a
spocific section of the W arzay. MODIFY is also capable of changing the value

of a specific W number.

3.4 SUBROUTINE TIMING

Subroutine TIMING is called by MAIN or MODIFY to define the Timing Parame-

21
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ters and Print Control valuoes, TIMING assigns valnes for W(1) throungh W(8) and

checks to see {f the numbar of print times exceeds 100. SOM eqguals the total

number of print times,

3.5 SUBROUTINE TRAJ

Subroutine TRAJ is called by MAIN or MODIFY to define the trajectory data
to be used, TRAJ obtains this date from a user supplied trajectory file or in-
teractively via the terminal,

If the trejectory is read from a trajectocy file, TRAJ first deternines
whether Beta data is included and the number of time dependent table entries.
IRAJ then reads ALT, VEL, Angle of Attack, and YAW Angle (if included) for each
TIME. After obtaining the trajectory data from the trajectory file, TRAJ will
display the trajectory data on the terminal 20 lines at a time waiting for a
carrisge return between pages, After display TRAT gives the user the opportuni-
ty to modify the trajectory data,

The format for the trajectory file is an A80 for the title on line one,
Line two contains the Beta flag using an I2 and the number of trajectory “imes
using an F10.5. The rest of the file contains the trajectory data viing cither
a 4E15.4 or a SE15.4, depending on whether or mot the yaw angle Jdatiz is includ-
od,

The other method of creating the trajectory deta is via the terminal by ino-
putting a line at a time. After defining the trajoctory in this manner, TRAJ
procoeds to display the trajectory data on tL. terminal as described above,

After tho trajectory data table is displayed on the terminal, the nser is
siven the opportunity to modify part or all of the trajectory. TRAJ enables the
user to insert, delete, or change a line of the trajectory. After modification,

the trajectory is displayed on the terminal as beforo.
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Once the nser ia satisfied that tho trajectory is complate TRAJ will erable
the usexr to create a new trajectory file with a new user supplied file name.
The variables used in TRAT are:
FNAM1  ~ The filename of the trajector file,
LINE — The number of a 1ine at the trajectory table.
TITLE - Title of the trajectory file.
BFLAG=1 - YAW Angle included with trajectory.
3.6 SUBROUTINE ATMS

Subroutino ATNS is called by MAIN or MODIFY to select the Atmosphere optionm

to be used,

2,7 SU’ 20UTINE WNDTUN

Subrovtine WNDTUN is called by MAIN or MODIF™ if the Atmosphere Option 2
was selected. VWNDTUN defines the Atmospheric data for a Wind Tunnel case.
WNDTUN sets values for T, and P, for each time point of the trajectory NPTS is

the number of time points,

3.8 SUBROUTINE ATMDTA

Subroutine ATMDTA is called by MAIN or MODIFY if the Atmosphere Option 3
was selected. ATMDTA is the routine the user uses to define his own set of At-
mosphoric data., ATMDTA asks for the number of Altitude entries (NALT) and then

asks for the values of Altitude, T, ,and P, for each entry.

3.9 SUBROUTINE HEATIN

Subroutine HEATIN is called by MAIN or MODIFY if a Heating Indicator case
is desired. HEATIN sets tho ’'W’' array values for a 1 fi¢, radius sphere with a
wall temperature of O.F end a Lewis number of 1.0. HEATIN uses the Heat

transfor option 1 which is the Fay and Riddell Staguation Poiat Method., HEATIN
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uses the OBLIQUR Shock Flowfield option with A shock angle of 90 . The madifijed

[
Newtonian Pressure option is uvsed with the body angle of 9¢ . HEATIN also sets

the Print option to 2 which sets the output for Sunmary Print only.

3.10 SUBROUTINE HTRMTD

Subroutine HIRMTD i, called by MAIN or MODIFY to select the Heat Tranafer

Method to Ye used, HTRMTD sets the values for the paramcters required by the

Heat Trausfer Option, After these values are given, HIRMID sots the wal1 tom—-

Ferature, wall omissivity, and continvation option, HTRMTD lets the user spoci-

fy whether he wants Rarofied flow and virtual origin options, HTRMTD cbecks if

the rarofied flow option was selected, Rarofied flow cannot be used by Heat

Transfer Options 2, 3, 5,17, 9, 10, or 11,

3.11 SUBROUTINE HTMULT

Subroutine HIMULT is celled by MAIN or MODIFY if a Heat Transfer Multipli-

cation Factor is desired, There are 3 option types and HTMULT allows the unser

to decide if he wishes to use each type. If option 1 is chosen, a Laminsg arcd

Turbulent factor must be supplied., If option 2 is chosen, the nomter ¢f times

Rmust be supplied. For each time a Laminar and turbulent muitipgier must be sup-

Plied. If optionm ~ ig selected, the number of Nach numbers must de supplied,

For each Mach aunber, & Laminar and turbrlent multiplior mact b6 Ruppited,

BTMULT coaverts these last multipliers to log values. Foz options 2 and 3,

there must be o minimum of 2 and o maximum of 10 entries,

3.12 SUBROUTINE TRANS

Subroutine TRANS is c¢alled by MAIN or MODIFY to select the t-ansition op~

tion to be used. TRANS then requires the highest and 1owest values or ratio for

24




"'l

the transition region depending on the option selected,

3.13 SUBROUTINE CROSS

Subroutine CROSS is called by MAIN or MODIFY if a Cross Flow adjustment is
nocded., CROSS selects the Cross Flow adjustment option to be used and then asks
for data depoending om which option is selectad.
3.14 SUBROUTINE FLOW

Subroutine FLOW is called by MAIN or MODIFY to set the flowfield and local
pressure options, The Parameter ID is passed through the subroutine call, If
ID=1 then FLOW will create a new set of flowfield dats, If ID=2 then FLO¥ modi-
fies an o1d set of flowfield data, If ID=2 then the flowfield dats must be
transferred from the !. array to the flowfield and local pressure arrays. FF is
the flowfield option array. FFA is the arrsy coataining the angles correspond-
ing to the flowfield option. P is the local pressure option array. PA is the
array containing the angles corresponding to the local pressure option, Once
converted, FLOW echos the pairs of flowfield and local pressure options with op-
tion abreviat